The industrialization after World War II marked a severe discontinuity between rural heritage and contemporary farm buildings. Rural landscapes have thus become more and more uniform; historical buildings are often abandoned and degraded, while contemporary buildings are often disconnected from their surrounding environment. Besides aiming to protect and restore rural heritage-more and more acknowledged as a common good contributing to societal identity-attention should be paid to increasing the quality of new buildings, a crucial issue to improve landscape quality in everyday landscape contexts. Based on a series of previous studies carried out to develop and test a robust methodology allowing the analysis of the main formal features of rural buildings, organized in a comprehensive framework known as the FarmBuiLD model (Farm Building Landscape Design), this study aims to perform an integrated and compared analysis of sets of traditional and contemporary rural buildings through experimental trials on an Italian case study. In particular, the study focuses on defining and measuring indexes allowing the quantification of the level of consistency of contemporary buildings with the traditional typologies. A contemporary farm building is evaluated based on the distance of each of its formal features from those which proved to be representative of the corresponding traditional building type, evaluated through a cluster analysis of the typological characters of traditional buildings in the study area. The results showed that different degrees of dissonance can be detected. Similarities have been found, in particular with respect to the shape of buildings and their closure with regards to landscape. The major dissonances are related to the perception of buildings as flattened on the ground, due to their excessively elongated shape, and in the case of buildings completely permeable to landscape, this being necessary for structural purposes and for the type of use of historic buildings. The expected impact of this study is to provide designers and planners with indicators allowing the evaluation, on an objective basis, of the level of consistency of new buildings with local rural heritage, thus supporting both design phases and project evaluation as well as building management processes (maintenance, restoration, extension, change in use, etc.).
Introduction and Research Aims

Introduction and Literature Review
Innovation and empirical wisdom resulting from the past have always found a balance in the landscape evolution [1, 2] , resulting in local features that identify and characterize the recognition of a to the aesthetic aspects of new buildings, characterizing the local identity because only cheapness and rapidity of execution have been pursued [30, 31] .
On the contrary, manifold aspects of landscape integration and the formal relationship with the built context should be considered in the phases of planning, design and construction of new buildings or rehabilitation actions. In fact, beside colors and material, the perception of formal characters, such as size proportions, the arrangement of shapes and the distribution of empty or full volumes play a fundamental role in achieving landscape continuity. In this regard, the analysis of the literature highlighted that historic rural buildings are expressions of an accumulation of empirical knowledge, broadly associated with high architectural quality and landscape consistency [32] .
Aims of the Research
In such a scientific context, this work is part of the FarmBuiLD (Farm Building Landscape Design) research project, aiming to develop methods and tools that can lend support to the design and evaluation of rural buildings and to the building management process as well, for an optimal landscape integration of buildings, as it was broadly discussed in Reference [32] .
In particular, the authors have developed a methodological framework [32] including a set of parameters for the physiognomic characterization of both historical and contemporary rural buildings [33] . Moreover, the former paper also addressed the topical aspects related to materials, color and texture of the external surfaces of rural buildings; the latter also illustrated in detail the reasons for the selection of the physiognomic parameters. The methodology was tested on a sample of historic rural buildings appropriate for surveying the architectural features [34] . This analysis was performed also taking into account the original functions of the historic rural buildings, which is closely related to their architectonic typologies. Then, the methodology was validated through the application to a set of contemporary rural buildings [35] . In this study in particular the authors pointed out and discussed the topic of the parametric tools definition, based on the interpretation of the relationships among building dimensions (height, length, and width), full and empty volumes, and exterior surfaces. This stage was developed according to the literature on the perception of the landscape and the relationships between buildings and the surrounding environment [6] .
The general goal of the research conducted in this work is to define a meta-design framework to carry out actions suitable to improve the rural landscape quality.
This study has the following specific aims:
• to perform a numerical analysis of the formal characters of historic rural buildings with reference to their typological features; • to analyze the relationships between the architectonic characteristics of historic rural buildings and contemporary ones and to quantify the level of discontinuity.
This study was carried out on two samples of rural buildings (historical and contemporary) selected within a pilot study area of the Emilia-Romagna Region (Italy), namely the Imola District in the metropolitan city of Bologna.
Materials and Methods
With reference to the specific objectives, the following methodological phases were developed and applied:
• definition of a set of parameters derived from the FarmBuiLD method for the physiognomic characterization of both historical and contemporary rural buildings (Section 2.1). The parameters described in Section 2.1 provide sets of information to be interpreted jointly [33] . • Selection of the historical and contemporary buildings samples used (Section 2.2). In fact, appropriate sampling approaches were adopted in order to select a significant and representative number of buildings to be analyzed in detail as study cases over a sub-regional territory considered for the experimental application of the developed methodology. • Definition of an analytical procedure for the interpretation of the formal features of historic buildings and the continuity/discontinuity level of contemporary rural buildings with reference to historic ones (Section 2.3).
Set of Parameters
The FarmBuiLD model, aiming at a physiognomic characterization of buildings, considers the parameters set shown in Table 1 , defined according to studies on landscape perception and buildings relationships with the surrounding context [6, 27, 36, 37] , as well as dimensional and volumetric aspects [33] . 
Sampling of Historic Rural Buildings and Contemporary Rural Buildings
Two study samples were selected for the purpose of this research, one exclusively representative of historic rural buildings and the other of contemporary buildings. Both refer to the Italian geographical area of the Imola District, an association of ten municipalities in the eastern Bologna province, where Imola is the most representative municipality for its dimensions and environmental, agricultural and cultural characteristics ( Figure 1 ). The choice of this study area is due to the relevant role that rural activity has played over time, in terms of farmland extent and economic results, with the consequent construction of several rural settlements over the years [10] . The study area thus hosts a high concentration of historic rural buildings, largely still used for agricultural activities, although they have often undergone subsequent transformations in order to meet current functional requirements, alongside contemporary buildings, based on different stakeholder needs, resulting in a constructed landscape diversified in shapes [38] .
The sample of historic rural buildings was selected through stratified random sampling with proportional allocation from a database resulting from a complete enumeration census of rural buildings with acknowledged historic value of the municipality of Imola, on the basis of the following typological classes [34] : (A) rural houses; (B) farm buildings; (C) buildings with combined residential and farming functions. The buildings are located both in the plain and in the hilly areas of the municipality, as the sampling selection procedures also accounted for topographical conditions [34] , which was recognized as one of the drivers of the development of specific architectural typologies [32] .
As for contemporary buildings-built between 1950 and 2010 or renovated during that time span with an obliteration of the original building types and functions-the selected study case areas are representative of the main agricultural land-use and geographic location of each farm in the area of Imola District [35] . Representing the beginning of the decade of the '50s, 1950 was chosen as a symbolic key year, when the pre-industrial rural culture and way of life began to disappear from Italian Sustainability 2019, 11, 4242 5 of 23 countryside, as extensively discussed in previous studies [31, 32, 34] . A number of representative farms were selected ( Figure 2 ) according to the type-unit sampling method, representing every agricultural use category, and in each of them a GIS analysis and field surveys were carried out [35] . This has allowed the establishment of a database of contemporary farm buildings, including rural dwellings, of each sampled farm that was analyzed from an exclusively functional point of view and divided into three classes: (A) rural houses, (B) production buildings (barns and sheds, stables, warehouses, equipment storehouses, tool sheds, food processing buildings such as wineries, olive oil mills, dairies), (C) buildings with mixed functions (e.g., housing, tool shed, warehouse, stable, or barn or uses aimed at multifunctional agriculture). Details about the sample of contemporary farm buildings were extensively reported in Reference [35] . are representative of the main agricultural land-use and geographic location of each farm in the area of Imola District [35] . Representing the beginning of the decade of the '50s, 1950 was chosen as a symbolic key year, when the pre-industrial rural culture and way of life began to disappear from Italian countryside, as extensively discussed in previous studies [31, 32, 34] . A number of representative farms were selected ( Figure 2 ) according to the type-unit sampling method, representing every agricultural use category, and in each of them a GIS analysis and field surveys were carried out [35] . This has allowed the establishment of a database of contemporary farm buildings, including rural dwellings, of each sampled farm that was analyzed from an exclusively functional point of view and divided into three classes: (A) rural houses, (B) production buildings (barns and sheds, stables, warehouses, equipment storehouses, tool sheds, food processing buildings such as wineries, olive oil mills, dairies), (C) buildings with mixed functions (e.g., housing, tool shed, warehouse, stable, or barn or uses aimed at multifunctional agriculture). Details about the sample of contemporary farm buildings were extensively reported in Reference [35] . are representative of the main agricultural land-use and geographic location of each farm in the area of Imola District [35] . Representing the beginning of the decade of the '50s, 1950 was chosen as a symbolic key year, when the pre-industrial rural culture and way of life began to disappear from Italian countryside, as extensively discussed in previous studies [31, 32, 34] . A number of representative farms were selected ( Figure 2 ) according to the type-unit sampling method, representing every agricultural use category, and in each of them a GIS analysis and field surveys were carried out [35] . This has allowed the establishment of a database of contemporary farm buildings, including rural dwellings, of each sampled farm that was analyzed from an exclusively functional point of view and divided into three classes: (A) rural houses, (B) production buildings (barns and sheds, stables, warehouses, equipment storehouses, tool sheds, food processing buildings such as wineries, olive oil mills, dairies), (C) buildings with mixed functions (e.g., housing, tool shed, warehouse, stable, or barn or uses aimed at multifunctional agriculture). Details about the sample of contemporary farm buildings were extensively reported in Reference [35] . 
Statistical Analysis Methods
Proper statistical analysis tools proved suitable to achieve the study objectives. Specifically, the Principal Component Analysis (PCA) was adopted for historic buildings to reduce the dimensionality of the five-parameter data set describing the main formal features of the historic buildings, with the minimum loss of information about the variability observed in the data set. Moreover, cluster analysis was developed to identify groups of historic buildings characterized by common formal features. The resulting clusters were compared with the typological classes on which the sampling was based, defined on the basis of the original functions (Section 2.2). Finally, a specific comparison analysis procedure was defined to compare traditional and contemporary buildings through quantitative analyses on the basis of the architectural parameters.
The PCA procedure consisted in transforming the original parameters into a new set of variables, which represents the so-called principal components, having the peculiarity of being uncorrelated. The computation of principal components consists in the solution of an eigenvalue-eigenvector problem for a positive-semidefinite symmetric matrix [39] . The principal components were ordered as usual, according to the decreasing quantity of variability of the original variables each component retains. Thus, the first few principal components provide a numerical description of the most significant architectural characters expressed by the original parameters.
Then, the sample of historic rural building was subdivided into clusters based on the values of the architectonic parameters of each building. The k-mean process was adopted for clustering purpose, as it is meant for partitioning an N-dimensional population into k sets on the basis of a sample. It proved to give partitions which are reasonably efficient in terms of a small within-class variance [40] . The k-means method was adopted to obtain groups of similar buildings, useful for a qualitative and quantitative understanding of the whole sample of historic buildings on the basis of the respective stet of five descriptive architectural parameters. This clustering procedure begins by choosing k cluster centers to coincide with k randomly-chosen patterns; then, each pattern is assigned to the closest cluster center and the cluster centers are recomputed using the current cluster memberships. Convergence is assumed when no (or minimal) reassignment of patterns to new cluster centers occurs, or minimal decrease in squared error is experienced [41] .
The results of the clustering procedure applied to historic buildings were analyzed under a typological-architectural point of view, by interpreting the mean parameters of each in terms of formal features. On such a basis, the sampled contemporary buildings were compared to the clusters of historic ones. A synthetic diagram of the methodological process is provided in Figure 3 .
An appropriate composite indicator was developed, based on literature review [42, 43] , for measuring the level of similarity of the building with respect to all the five parameters simultaneously. This comparison was carried out based on the Euclidean distance computed in the 5-dimensional space defined by the variables (x, y, z, r, s) coinciding with the architectural parameters, with the following correspondence of coordinates: xLHW, yLHL, zLEV, rLEW, sLBFO. The centroids of the clusters were considered the target point, thus, with reference to a generic cluster j of historic buildings having centroid CjL(x Cj , y Cj , z Cj , r Cj , s Cj ) the Euclidean distance dij of a generic i-th contemporary building having parameters (HWi, HLi, EVi, EWi, BFOi) was computed as follows:
d ij was considered a proximity index quantifying the level of architectural consistency of each contemporary building with the traditional formal features identified through the clustering procedure.
The procedure expressed by Equation (1) was applied also to compute the distances d k of every k-th historic building belonging to cluster j from its centroid:
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The distribution of d k was considered to assess assonance or dissonance of contemporary buildings: in particular, the property of assonance was acknowledged to a building having dij smaller than a threshold defined as a percentile of d k .
Then the distance of a building from the nearest cluster was defined as follows: d i,min = min(d ij ), with j varying from 1 to the number of clusters. d i,min was used as a more synthetic parameter to define the properties of "assonance" or "dissonance" of contemporary farm buildings with the historic-typological characters of the local context. Moreover, a qualitative analysis was performed considering every d ij value. 
Results and Discussion
Characterization of the Historic Study Case
Formal Characters of Rural Historic Buildings: Clusters
PCA was performed on the sample of historic building as a way to obtain a synthetic and clear first representation and quantification of the mutual differences of the buildings according to the A detailed analytical comparison of the features of the i-th contemporary building with those expressed by the centroids of historic building clusters was carried out by computing the differences in terms of single parameters, as follows:
Then, we decided to identify a range of proximity of each parameter to the average values of each historic cluster. The 70th percentiles of the absolute values of the differences ∆HW k , ∆HL k , ∆EV k , ∆EW k , ∆BFO k between each parameter of every k-th historic building belonging to cluster j and the corresponding coordinate of its centroid were adopted as significance boundaries for that cluster. Respectively named these boundaries x j , y j , z j , r j , s j , the following indicators were defined:
Therefore, a positive value of one of these indicators means that the corresponding parameter of the contemporary building under study lies outside the proximity interval defined for the average parameter of the cluster. In this case, the greater the indicator, the farther the parameter from the historic reference value. On the contrary, a negative value means that the parameter falls within the 70th percentile interval around the historic mean value. In this case, the greater the absolute value of the indicator, the nearer the parameter to the historic average.
Results and Discussion
Characterization of the Historic Study Case
Formal Characters of Rural Historic Buildings: Clusters
PCA was performed on the sample of historic building as a way to obtain a synthetic and clear first representation and quantification of the mutual differences of the buildings according to the architectural parameters.
First, a Pearson correlation matrix was computed ( Table 2 ). This matrix shows that the considered population of buildings shows a strong correlation between EV an EW and significant correlation among the pairs of parameters HW-HL, HW-EV, EV-BFO, EW-BFO. The relationship between architectonic parameters and principal components (F1, . . . , F5) resulted from PCA is expressed by Equation (2). 
(3) Table 3 shows the eigenvalues of the principal components, the respective rate of explained variability and the cumulated variability. An effective graphic representation of Equation (2), i.e., the relationship between architectonic parameters and principal components is provided in the diagrams of Figure 4 . In particular the diagrams highlight the high correlation between EV and EW, which are very close in the three Cartesian planes defined by the first three principal components (corresponding to 90% of variability). At the same time, the diagrams show the significant correlation between HW and HL, which are extremely close in F1-F2 plane, but clearly separated in the other two. Table 3 shows the eigenvalues of the principal components, the respective rate of explained variability and the cumulated variability. An effective graphic representation of Equation (2), i.e., the relationship between architectonic parameters and principal components is provided in the diagrams of Figure 4 . In particular the diagrams highlight the high correlation between EV and EW, which are very close in the three Cartesian planes defined by the first three principal components (corresponding to 90% of variability). At the same time, the diagrams show the significant correlation between HW and HL, which are extremely close in F1-F2 plane, but clearly separated in the other two. A series of k-means cluster analyses with different numbers of clusters have firstly been performed in order to identify a number of clusters characterized with significant differences of the architectural parameters. The significance of these differences was defined on the basis of the capability of the clusters of identifying groups of buildings with common architectonic features within each cluster and diversified architectonic features among the clusters. Three resulted the optimal cluster number for the considered sample.
A graphic representation of this result was developed adopting the first two principal components, through the Cartesian diagram provided in A series of k-means cluster analyses with different numbers of clusters have firstly been performed in order to identify a number of clusters characterized with significant differences of the architectural parameters. The significance of these differences was defined on the basis of the capability of the clusters of identifying groups of buildings with common architectonic features within each cluster and diversified architectonic features among the clusters. Three resulted the optimal cluster number for the considered sample.
A graphic representation of this result was developed adopting the first two principal components, through the Cartesian diagram provided in Figure 5 . This diagram clearly shows the similarities of the buildings belonging to the same cluster and the differences among the three clusters, providing a synthetic view of their distribution in the parameters' space.
The diagram of Figure 5 shows that cluster 1 occupies the area with high F1 and small or negative F2 values, cluster 2 the area with high F2, cluster 3 has prevailing small F2 and negative F1. Based on the relationship between the parameters and the first two principal components represented in Figure 5 , this diagram gives a qualitative outline of the clusters for what concerns the first four parameters (BFO is not significantly expressed by the two components F1 and F2): cluster 1 corresponds to relatively small HW and HL, with high EV and EW; cluster 2 has high trends of all the four parameters; cluster 3 has clearly small EV and EW. similarities of the buildings belonging to the same cluster and the differences among the three clusters, providing a synthetic view of their distribution in the parameters' space. The diagram of Figure 5 shows that cluster 1 occupies the area with high F1 and small or negative F2 values, cluster 2 the area with high F2, cluster 3 has prevailing small F2 and negative F1. Based on the relationship between the parameters and the first two principal components represented in Figure  5 , this diagram gives a qualitative outline of the clusters for what concerns the first four parameters (BFO is not significantly expressed by the two components F1 and F2): cluster 1 corresponds to relatively small HW and HL, with high EV and EW; cluster 2 has high trends of all the four parameters; cluster 3 has clearly small EV and EW.
The quantitative characterization of the cluster is provided in Table 4 , in terms of coordinates of the respective centroids (i.e., average parameters per cluster) and the main statistics of the distributions on values within clusters. Table 4 shows that clusters 1 and 2 have similar mean EV, EW and BFO, while mean HW and HL are remarkably far; at the same time, cluster 3 differs from both clusters 1 and 2 in terms of all five parameters.
A physiognomic description of the three clusters derives from the reading of the parameter ranges of the respective clusters, (Figure 5 , Form abacus-Cluster section). In particular, both cluster buildings 1 and 2 are characterized by full volumes (0.9 < EV ≤ 1) and with poor permeability The quantitative characterization of the cluster is provided in Table 4 , in terms of coordinates of the respective centroids (i.e., average parameters per cluster) and the main statistics of the distributions on values within clusters. Table 4 shows that clusters 1 and 2 have similar mean EV, EW and BFO, while mean HW and HL are remarkably far; at the same time, cluster 3 differs from both clusters 1 and 2 in terms of all five parameters.
A physiognomic description of the three clusters derives from the reading of the parameter ranges of the respective clusters, (Figure 5 , Form abacus-Cluster section). In particular, both cluster buildings 1 and 2 are characterized by full volumes (0.9 < EV ≤ 1) and with poor permeability compared to the landscape (0.8 < EW ≤ 1). While for both clusters the plan shapes are variable from square to rectangle, HL and HW values show how cluster 1 and 2 buildings are differently perceived. For cluster 1, with 0.3 < HW < 0.65 and 0.2 < HL < 0.45, buildings are perceived as stretched in the landscape, while for cluster 2, where HW values range from a minimum of 0.65 to a maximum of 0.9 (i.e., the width of the building and the height are similar) and those of HL are between 0.25 and 0.7, the buildings have a longer horizontal shape within the landscape. Cluster 3 shows the most widespread distributions of the parameters as it has the highest variance within the cluster; the maximum average d h and the maximum dispersion of d h values. From an architectural point of view, cluster 3 describes buildings with greater opening towards the landscape, with totally or partially empty volumes (0 ≤ EV < 0.65) and with variable continuity of perimeter tampons, given the range of EW values between 0.4 and 0.75. Furthermore, the joint interpretation of EV and EW shows as empty or partially empty volumes always corresponds to the presence of portions of perimeter surfaces. There are two situations in this cluster-one with EV = 0 and EW 0, the other with EV 0 and EW 0. In the first case, the rural building is closed on one or two sides of the building (in some cases also on a portion of the third perimeter wall) and has a portico part on the other sides, so that these buildings are perceived as covered open spaces, thus with zero closed volume. In the second case, when EV and EW are both other than 0, the building is partially closed with open volume portions.
Formal Characteristics of the Clusters and Typologies of the Sample of Historical Rural Buildings
An analytical study of the identity physiognomy characteristics of buildings in the study area was carried out by means of the parametric characterization of the clusters related to typological characters, i.e., the stratification of the sample based on the original functions the buildings were built for (strata A, B, C defined in Section 2.1).
First the average parameters of clusters were compared with the respective median values of the strata. The medians were adopted ( Table 5 ) as stable synthetic measures of parameters within the strata, where their distribution is widespread in comparison with clusters. The root-mean-square deviation of the parameters expressing each stratum and cluster were computed and the results are reported in Table 6 . This quantitative comparison of clusters centroids and strata medians shows that there is no neat correspondence between cluster and stratum, but certain prevalent distribution can be highlighted: cluster 1 is mostly represented by stratum C (83%), while cluster 3 shows closeness only to stratum B as it is entirely made of 44% of its buildings. Therefore cluster 3 is the only result of the clustering procedure which identifies a class of building with a common original function, i.e., hayloft or storage. Cluster 2 contains the characters of all three strata, with a predominance of stratum A and all those buildings characterized by a slender perception with respect to the ground.
The analyses highlight that the traditional building typologies of the study area show a complex system of characters concerning form, plan shape, volumetry, summarized as follows ( Figures 6 and 7 ).
• stratum A has formal characters belonging to clusters 1 and 2, characterized by closed volumes, full perimeter surfaces and a perception of slender buildings in landscape (the width and length values of the building are similar to each other, and the height is equal to or more than half the value of L and W);
• stratum B has very variable formal characteristics, since the sample is distributed in all three clusters, with greater and exclusive representation in cluster 3). It is characterized by rectangular plan shapes that can be either flattened to the ground (cluster 1) or slender (cluster 2) in relation to the height, but always with a permeability-though partial-towards the landscape for EV 1 and EW 1. The following cases can be identified: buildings with ground floor walls along the entire perimeter and open loggias on the first floor ( Figure 6. cluster 1-stratum B) , a little portions of build whit a full-height porticos, which can be completely or partially closed, or cases where EV 1 and EW 1 are greater than 0.7 so that the buildings have a perimeter portion open at least on two ( Figure 6 . cluster 2-stratum B), or even fully open volumes or small portions of closed volumes, with two or more infilled perimeter sides ( Figure 6 . cluster 3-stratum B). Cluster 3, in particular, includes historic buildings with original function of barns: initially characterized by empty volumes and just one or two infilled perimeter walls, over time have partially closed the volumes in order to be able to serve as sheltering tools as well. • stratum C represents mainly characters of cluster 1 and in small part of cluster 2. Thus, stratum C is predominantly characterized by shapes defined within the landscape for the height-width-length proportions of the building ( Figure 6 . Stratum C). While stratum A buildings are completely enclosed, stratum C, although characterized by shape compactness and the closed volumes, includes cases with empty or partial portions of the perimeter openings (EV and EW other than 1), such as the presence of full height loggias, or partial ones with loggias only on the first floor (EV = 1 and EW 1).
Relations between the Architectonic Characteristics of Historic Rural Buildings and Contemporary Ones: Continuity and/or Discontinuity
The distances d ij of every contemporary building from the centroids were represented in Figure 8 . Figure 8 shows that about 52% of the contemporary building sample (28 out of 54 cases) have similarities with at least one of the three clusters of historic buildings, and in particular the assonances are distributed exclusively in the clusters 1 and 2, while the contemporary buildings are always significantly far from centroid of cluster 3. On the contrary, 29% of contemporary buildings have d ij below 70th percentile of d h with cluster 1, while 22% with cluster 2: these cases were identified as assonances. There are two cases where d ij is below that threshold for both clusters, respectively for a rural house (n. 3) and a building with mixed function (n. 53).
Based on the Euclidean distances of contemporary buildings from the centroid of each cluster, Figure 8 also allows understanding of how the assonances of the clusters of the contemporary buildings of the study sample are distributed over the functional classes, illustrated in Table 7 . 
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Based on the Euclidean distances of contemporary buildings from the centroid of each cluster, Figure 8 also allows understanding of how the assonances of the clusters of the contemporary buildings of the study sample are distributed over the functional classes, illustrated in Table 7 . 12   13   14   15   16   17   18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34   35 Tables 8-12 show the delta values, while the graphs of Figure 9 show the deltas between component and corresponding 70th percentile of the historical cluster, divided for each cluster. The graph of Figure 9 , referred to cluster 1, shows how the assonant buildings are characterized by values of δ generally near 0 for all the parameters. Only in two cases there are slight deviations for one parameter: building n. 3 for residential use deviates for δHL1 and the building has a slender upward shape corresponding to cluster 2 features, with which the building has an assonance; in the second case (no. 53), instead, the building is multifunctional and has positive δBFO1 indicating that has a greater amount of openings in the perimeter surface.
As for dissonances, it may be noted that these can be due to δ positive for a single parameter, or for pairs of parameters or even for multiple parameters simultaneously, even for all five. In cluster 1 the following cases were identified: The trend of the single parameters in the three graphs of Figure 9 represents a situation in which, for the clusters 1 and 2 there are cases in which the values of δ have a strong deviation from the centroid values. In particular, for the values of δEV1 and δEW1 in cluster 1 and δEV2 and δEW2 in cluster 2, where the values are close to 1 (11% of cases).
The diagrams in Figure 9 show δ value between each parameter of every building and the corresponding 70th percentile of every cluster of historical building.
The trend of the individual parameters in the three graphs in Figure 9 represents a situation where clusters 1 and 2 have cases where δ values have a strong deviation from the centroid values. Specifically, for the values of δEV1 and δEW1 in cluster 1 and δEV2 and δEW2 in cluster 2 where values are close to 1 (11% of cases).
The graph of Figure 9 , referred to cluster 1, shows how the assonant buildings are characterized by values of δ generally near 0 for all the parameters. Only in two cases there are slight deviations for one parameter: building n. 3 for residential use deviates for δHL1 and the building has a slender upward shape corresponding to cluster 2 features, with which the building has an assonance; in the second case (no. 53), instead, the building is multifunctional and has positive δBFO1 indicating that has a greater amount of openings in the perimeter surface.
As for dissonances, it may be noted that these can be due to δ positive for a single parameter, or for pairs of parameters or even for multiple parameters simultaneously, even for all five. In cluster 1 the following cases were identified:
• positive for a single parameter (3/54 on the sample total), found either for δHW 1 (41) or for δHL 1 (9-see abacus in Figure 10 ), therefore dissonance with respect to cluster 1 is due to a perception of the building very slender in the landscape; with open volumes (EV = 0) which, compared to the formal features of cluster 3, are completely free from perimeter walls (EW = 0), as it is shown by the dissonance of the same cases (No. 11-15, 18) with cluster 3 for δEW3. These buildings do not find any correspondence with the historical clusters, precisely because of the absence of any perimeter wall, which is typical instead of the historical buildings (for example, nr.12 in Figure 10 ). 
Conclusions
The analysis of the typological characteristics of rural buildings is useful both to increase awareness and knowledge of local identities, a starting point for activating processes for the enhancement and redevelopment of everyday landscapes, and to understand the real, formal characteristics of the places, avoiding re-enactments of a non-contextualized past. The FarmBuiLD method therefore proves useful for the purpose of reading the specific typological characteristics of a landscape context and the corresponding architectural typologies. For example, in the case study, general features emerged such as the compactness and the closure of the architectural volumes of the Also, for cluster 2 there may be assonances for all parameters, or cases of assonance in which δ is positive for a single parameter, confirming what can be observed in cluster 1. In particular, minor δHW 2 deviations occur for the functional residential class, where for 2 cases out of 5 of assonance δHW 2 is positive with ∆HW 2 negative, resulting in a more flattened form on the soil (nr 3 and 9). In the case of mixed-function buildings (class C), the assonance is recorded despite the presence of parameters with slight deviations, so with δBFO 2 positive (nr. 53, as in the case of cluster 1 previously discussed), or with the pair δHL 2 and δEW 2 (see nr.51 in Figure 10 ).
For cluster 2, the same formal differences can be observed according to the number of parameters showing dissonance:
• for single parameter (3/54 on the total sample) there are dissonances as for δHW2 in residential buildings (nr. 1 see abacus in Figure 10 ) and for mixed functions (nr. 52). • for pairs of parameters (16/54 on the total sample): for most cases of dissonances involving pairs of parameters (14/54 cases) these are the parameters related to the buildings form HW and HL (with δ values greater than 0.200). Given the corresponding negative values of ∆HW and ∆HL, the buildings have very flattened and elongated shapes in the landscape (e.g., nr. 26 a cellar building where both processing and storage of the wine is carried out) and with specialized production functions. For pairs of δHW 2 and δBFO 2 (only 2/54 cases) the buildings are stretched in the landscape (because of the HW value) and with greater openings of the perimeter surfaces, such as in case n.50 (see abacus in Figure 10 ) a building Intended for receptive activities and wine storage, which has a flattened form on the ground and perimeter portions with rather large openings aimed at increasing the perception of the landscape from the inside to the outside in the tasting room; • for multiple parameters (23/54 on the total sample): a dissonance is confirmed for both the proportion and the opening and closing of the building compared to the landscape defined for cluster 1. For example, case nr. 49, a building destined for a receptive activity linked to a winery, commissioned with the aim of evoking a building of the past, has in contrast dissonance with historical characters both by proportions, since the parameters show a flattened perception of the building on the ground, and by compactness of the volume with a perimeter permeability different from the historical rural characters of the study area. Also, for cluster 2 there are positive peak values of EV and EW parameters confirming the presence of completely open and permeable buildings to the landscape.
Cluster 3 only presents dissonances that are explained both by the formal character of the buildings and by the opening and closing characters of the volumes. There are no dissonance cases for one parameter, while only one case (nr. 7, residential buildings) has a dissonance for the pair of EV and EW parameters (see Figure 10 ). In particular, Figure 8_Cluster 3 shows how δEV 3 and δEV 3 affect the formal dissonance characters, with a percentage of 100% for EV and 93% for EW. These parameters are associated with one (20 cases out of 54, 37% of the sample are dissonant for three parameters) or two (22 cases out of 54, 41% of the sample are dissonant for four parameters) or all five parameters (11 cases out of 54, 20% of the sample). Among the dissonances are those buildings with open volumes (EV = 0) which, compared to the formal features of cluster 3, are completely free from perimeter walls (EW = 0), as it is shown by the dissonance of the same cases (No. 11-15, 18) with cluster 3 for δEW3. These buildings do not find any correspondence with the historical clusters, precisely because of the absence of any perimeter wall, which is typical instead of the historical buildings (for example, nr.12 in Figure 10 ).
The analysis of the typological characteristics of rural buildings is useful both to increase awareness and knowledge of local identities, a starting point for activating processes for the enhancement and redevelopment of everyday landscapes, and to understand the real, formal characteristics of the places, avoiding re-enactments of a non-contextualized past. The FarmBuiLD method therefore proves useful for the purpose of reading the specific typological characteristics of a landscape context and the corresponding architectural typologies. For example, in the case study, general features emerged such as the compactness and the closure of the architectural volumes of the buildings of strata A and C, with small total window areas, and in general small and rectangular windows. Instead, the presence of a variability of shapes and above all a greater permeability with respect to the landscape was found for the architectures of the B stratum, characterized also by a greater variability of shape.
From the comparison between historical formal characters and contemporary buildings it emerged that not all contemporary artefacts are dissonant, and we can also highlight different degrees of dissonance. The similarities are found in particular with respect to the shape of the building and its closure with respect to the landscape, although in general the contemporary buildings are characterized by a higher amount of empty surfaces. Given the quantitative nature of the parameters of the FarmBuiLD model, it is not possible to focus on the shape of the openings, which, in particular for buildings for productive use, are purely functional for the exchange of air, have a ribbon shape and are positioned just below the top of the coverage.
The major dissonances are evident both in terms of form factors, and in particular the perception of buildings squashed to the ground due to their excessively elongated shape (this occurs in particular for buildings intended for stable or warehouse) and in the case of buildings completely permeable to landscape, porches without any perimeter walls, this being necessary for structural purposes and for the type of use of historic buildings.
Further research is underway with the aim of investigating the level of consistency between the objective results deriving from the application of the method and the subjective reading of the built-up landscape through the preparation of a questionnaire open to defined categories. In this context, the values of the morphological parameters will be adopted as references for the outcome of the subjective reading of the built-up landscape, in order to link them with people's preferences. The opinions about assonances and dissonances will be assessed as well. These developments will contribute to providing guidelines for enhancing the perceived quality of farm settlements and the surrounding farmland as added values of the rural landscape.
